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11)1, isil~volvc.cl  i]] NASA Coclc{;  s]JoIIsoIc(l]  Jrogi:LI]lto Cic.vclo]J
1 ,i-ion cc.lls for future space.  applications. ‘1’he mRjol’  focus of the.
progtfim  is to develop the basic understanding of tbc cdl chemistry,
design and fi~bricatc  5 Ah cells, demonstrate cycle life for 1.1{0 find
Gl;(l application, and dctmminc  safety ~l]~(lcri~la(l~’erlcllt  abuse ,.
c o n d i t i o n s .  ‘I’hc. wmk wascarricd  ollt so far in the arcasof:  1) ~
carbon anode materials,  2) clcctrmic fi~bricatim  process, 3) 1.i
intercalation tcchniquc, and 4) type  of e l e c t r o l y t e  and i ts
co]~ljJositiC)ll(]-3).  S o m e  of the impmlant f i n d i n g s  to th i s  po in t  ale: . : ‘
1 ) Grfipbitic carbons were found to exhibit higbcr mw.rsible. lithium
c:ipacity  compared to coke materials, 2) llthylcmc Prq)ylcnc  1 )icnc
Montm]cr  (J H’IIM) is a suitable binder material for the fabrication
of carbon clc.ctdcs,  3) ‘1’hc two slcp inlcrcalatim  technique is
cffcctivc  in rc:ilizing the full reversible capacity of carbons
compared to lbc standard one-step method, and 4 ) 1 {C-based
c.lcc.tml  ytes arc attractive for 1 .i-icm  cells. Work is in progress at
11’1, to evaluate ctindidatc  cathode materials for 1 i-ion cells atld
fabricate and tc.st cxpcrjmcnta]  cells for technology (Ic.]llollstratio]].
‘1 ‘his paper  describes the I csults  of the. c.xpc.rilncmt  al done in these
aspects.

llXl}l !RIMI;N’J’A1  ,

1 kpandc.d  nickel  mc.t al was used as cmmt collector and subsl rate
for both the graphite anode atld  ‘l”iS ~ cathode. lixpandcd  aluminum
]nc.ttil  was used for 1.i(:oO,,  cathode. All clcctrodcs  were made by [i. . .
pressing tcchniquc.  1 {thylcne propylene. dicmc  ]nonolm’r  (J tl’I)h4)
was u scd as a binder, ‘J ‘ypically,  carbon  elect mdcs were coatui
with 10 - 15 m~ of graphite per cm 2, :ind were 1 ()-15 mil thick.
lilcctloclle.]llical  cells were constructed using tbcsc. electrodes,
lithium foil (I;ootc. Mineral Corp.), porc)us  polyj)mpylcnc.
separators (Cclgard  no. 24[)()), tind selected clextrolytcs.

N4ixcd (by volume ratio) solvent cle.c[rolytcs containinfj  ethers  and
carbmatcs  were chosen  for this study. I .ithium llcxafllloloa]scllatc
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c.lc.ctmlytc salts. Spccifimlly,  the scle.cted e.lcctml~tc.s wcm: (1)
1.0N4 1.il>l~6  jr) {JiC -I  l]liC),  ( 2 )  1.oh4 l,iAsl  J6 In (I;C -i 2-
j14c.’l’l  11~ -I IJIIC) with cm without the addition of 2-Methyl furan [2-
h4c.1 ;I, and (3) 1,OM 1,il]l ;(i in (1 K; + I>MC). ‘1’he cxpcrilmntal CCIIS
wc.m cvfiluatcd  for cllalgt:/(liscl]:irgc. chamctcris(ics awl cycle. life.
pcrformancw.  C o n s t a n t  current  w a s  u s e d  for charging  a n d
dischmging tbc calls. I ix]m-imcnts  were ccmd Nctcd in an ox ygcm
:itld moist um-frc.c dry box.

‘J’iS2 was sc.tcctccl  as a cfindida[c  cathode material for lithiull~ ion
cells initinl]y  for the. following mfisons:  1 ) ‘J”i S2 was found  to bc
intrinsically mvmiblc  compared  to scve.ml chalcogcnidc  and oxide.
calhodc  IIlatcrials investigated so Fdr for calls with lithium aIlodcs,
2) the usable specific cnc.rgy of ‘I’i S ~ js Hbout  500” Wh/Kg, am]
cmqMrcs WC1l with 1.iCo02, and 1.iNi02,  3) no concluding dilmmts
am ]lc.cdcd  fol ‘I’i S  ~, c.athcdcs,  and 4) charg,c rc.tcntion
chamctwistics  of lithiated  ‘1’iS2 are superior to those of lithiatcd
metal oxides. ‘1’hc low opcmting  voltage is tbc only known
disadvantage of “J’i S2 cathode material. I1OWCVCI’, Ihc low
opcra~it)~  vo]tngc of’ the 1.iXCYJ  .iX”J’iS2  systcm (1.4 V -- 1.9 V) can
bc consiclcrcd  as an advantnge as the cdl can bc usd as a divxt
rL.place.]mnt  for a 1.5 V CCII, ]Icnce, in Ihc bc~, inning of this work,
it was  fcl~ that the, advantag,cs  of ‘J’i S2, Imtcrial  ovmve.igh  i ts
clisii(l~~al)tiige.s,  ad ‘J’i S ~ was selcdcxl  fc)~ dct ail assessment as a
cathode malcria]  for usc in 1 i-ion cdl stdics.

‘Jhw ( ypcs of 1.iXCjJ  ,iX’J’iS2 CC1l  S (C/J .i”J’i S ~ and 1.iC()/J’iS2)  wcm
c’ol)stI’llctcd  ancl  tested, “J’hcm calls were activated with 1 .() N4
] .iAsl;(,  in IW and 2.-Mc”J’I  If;. ‘J”hcsc  IWO tyjXX of cd]s ShOWC.d
poor cydc  life pcrfcmmmcc. Work is undcnvay (o dctmninc the
causes  fm the poor  cycle life pe.rfcmnnnm. S(mlc of tbc
prclin]inaty  m.su]ts obtained so Pdr suggest that Ihc lmor cycle
pcrfonnancc  is probably  duc to: (a) instability of lithiatd  ‘J’iS ~ and
lithiatcd carbon matcria]s in the dry mom el~vitoll~~~c.l~t,  (bj salt
])mci]~itation on the clcctmdc. surface during Ihc dryill~,  process
af[cr tlic prcp:imtion  of lithiatcd  cmbcm find ]ithiatcd “J’i S2 cle.ctdc,
and (c) difficulty in d] ftibrication. ‘J’hc difficulty of 1,iXC/J  .iX’J’iS2
c.cll fabrication  is duc to the c.omplicatcd  handling j)roccdurcs
involving initin] l)rcpamtion  of aclivc  matmials (Iithiatd  ‘I’i S2 or
lithiald  carbon) in one ccl] and then ttansfe.r of one of Ihcse to the
final CCII. 1 ~or these. masons, the work on 1 i ~C/1 ,iX’J’iSp cdl
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hflerJ’lll~ -} 1111~ for usc in 1.iX~/l.iX’l’iS2  cclis. ‘1’his JIC\\r dcctl’oly(e
has llighcr conductivity and stability co]npami  10 the 11(? HJICi 2-
h4c’1’] li; basal Clcctl’o]ytc..  ‘] ’ile. c.]c.ctJ’o]ylc w~s CValU;lIC,d in thc, ] ,i/(;
half cdl 10 dctcminc  its long, lcm slab  ility.  (~yclc.  life ]mfonnancc,
of 1 i/(; half cdl activtitccl  with  this clcclmlytc is given in l;iguw 1.
No ca]mc.ity  fdc was observed c.vcn after 50 cycles. Wc in~end  to
cvalmtc this clccttdytc  in a 1.iX~/I ,iX’1’iS2  cdl at H latcv date..

(2) l,ix C/I,ix(k@  C(!II l)cwk)pm(wf :

Wtwk is in pmgmss  10 evaluate doped  atld tJII-doped 1 ,iCo02 as a
comlid:ltc  c:~timdc  material and undc.rstanci tbc paramctcm  tl]:tt
coIIt ml the. cyc]c 1 ifc l~c.lfoIIll:irlce  of the 1 .i X(YI ,iCoO, cell. Scvcri{l

cxpcrimcnlal  1 ,i-ion cells arc bcins  fabricated to dctcrtninc,  the effect
of: 1 ) composition of cathocic Illatcri:il, ‘2) type an[i Coll)jx)sition  of
elc.clmlytc,  3) clcc.ttdc  ca]mcity ratio, 4) chalg,c  cutofl voltage, an(i
5) cell con fig,ural  ion, on Ihc rate capability, chalgc 1 dent ion, an(i
Cyc]c ]ifc pcIfol”Jnallo2  of [hc CC.]]S.  ] .OM ] ,i]’]’6 in ] ;(: -+ ] )];~ was
sclcclcd  as the lxtsclinc  clcdmlylc  for these stu(iics. II[isclinc CCJI
design is finaliz,cd  for tbcsc works. “1’hcsc  baseline CCIIS bnvc a
ratc(i  cfipacity of 250 mAh and arc. cathoclc.  limited in dc.sign. ‘J’hcsc,
e.xpcrime.nta]  cells have complctd  2.5 cyc]cs with no significant
loss of cn]):lcity  (J;igwc  2). ‘1’hc rcsu]ts obtained so fidl validalc  Ihc
suitability of the. base.lillc  design. “1’bc Ycsu]ts of Ibc lcsting
con(i~lctc(i  on the cells of diffcmmt design  will be ])mscntc(i in the
]): I])CL

$UA4MARY

J kpuimcnt:ll  1 .ix~fl ,iOX32 cells, containing clcc.tm]ytc of 1 .oh4
J ,il)Ij6 in li~ -1 1>11~, wmc. fnbricatui  aJIci lhc cycle life tc.sting  of
tbcsc cells is in pmgrcss. ‘] ’hcsc CCIIS have a wtcd ca])acity  of 250
]nAh and WC, cathoctc limitcxi  in cicsign, ‘~”hCSC CXJ)C1 illlelltfil  CC]]S
biivc c.ompletcd 25 cycles  with no significant ]OSS of capacity. ‘1’hc
(difficulty of 1,iX~/1.iX”J’iS2  ccl] fabrication  is duc to the. necessity of
ml] disassembly and ]c-:isscmb]y. ~cll  fatmicntion  is being
rcvisitccl in ccnl~unction  with the use of tbc JEW dcctmlytc  (1 .oh4
l,iAsl’(,  in [IK + 2-Mc’J’JI1 + l>liC]).

‘J’hc work  dcscribcd  here  was catticd  out nt .lct I ‘mpu lsion
] .:lbol’aloJy,  (h]ifomia ]Ilslitule  of ‘lbclJnoJc)gy,  undcJ” COIIII’:IC1  wilh
tbc National Acmmtu[ics atld Space A[!l~liIlistl’atioll.
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“Altc.Jnat c Anocle  M a t e r i a l s  for Ambient  ‘Jkmpcratmc
Sccondal.y  l.ilhium  02]ls”, C.-K. IIuang,  S. Sulampudi,  A,
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“1  {valuat ion of Carbon  Anocles  for Rcchalgcahlc  1,ithium
Cells”, C.-K, IIuang,  S. Summpmli,  A. A~titi  and G. 1 ]alpcrt,
l’mc.e.cdings  of the 182nd Meeting of IHcc(mchcm. Sm.,
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Figure 1. Cycling performance of cells containing 1,0 M LiAsF6
in (EC + 2-McI HF -I [) EC) with or without the additive
?-MeF -.
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[ igurc 2. Cycling perfomlancc! of cxpcrimcntal  1 ixC/LiCo02
cell.


